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Michaela Schulz-Siegmund1, Stefan Rammelt2, Daniel Huster1.
1University of Leipzig, Leipzig, Germany, 2Dresden Technical University
Medical Center, Dresden, Germany.
Bone substitutes are increasingly used in orthopedic interventions. Currently,
there is a high interest to optimize the bone scaffolding materials for optimal
healing. Using a tibial head defect we investigated bone regeneration using bio-
degradable poly(lactic-co-glycolic acid) (PLGA) scaffolds, providing a macro-
porous three-dimensional carrier. Cylindrical scaffolds with similar porosity
but different pore sizes of 100-300, 300-500, or 500-710 mm were implanted
into a tibial defect of a rat model. Two or four weeks after implantation, the
scaffolds were monitored by mMRI and solid-state NMR. In particular, the mol-
ecules of the regenerated extracellular matrix (collagen and apatite) were quan-
titatively studied. Using mMRI, the implanted PLGA scaffolds were clearly
visible and a homogeneous generation of ECM was obvious. The regeneration
of the collagen moiety was studied by 13C CPMAS NMR. The total amount of
collagen synthesized in the scaffolds depended on the pore size of the scaffolds,
best results were obtained for the matrix with 300-500 mm pores. Order param-
eter measurements of the collagen amino acids showed already very good
agreement with those from the natural bone. The inorganic ECM component
of the de novo formed bone was investigated by 31P CPMAS NMR. It could
be shown that hydroxyapatite was synthesized in the implant by the chondro-
cytes. The amount of hydroxyapatite increased significantly towards the end
of the 4 week animal study indicative of progressed biomineralization. In all
experiments, a pore size of 300 to 500 mm turned out to be most effective.
From our molecular assessment, both concentration and molecular dynamics
of the de novo formed ECMwas already very close to that of native bone. How-
ever, as the mMR images revealed, the macroscopic trabecular bone structure in
the implants was isotropic as oppose to the anisotropic structure in healthy
bone.
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nal Domain of Nephila Clavipes Dragline Silk
Martin Gauthier1, Je´re´mie Leclerc1, Je´re´mie Larouche1,
Ste´phane M. Gagne´2, Miche`le Auger1.
1Department of chemistry, PROTEO, CERMA, Universite´ Laval, Quebec,
QC, Canada, 2Department of biochemistry, microbiology and bioinformatics,
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Spider silk, as simple as it may look, holds a secret which lies in the processing
of the silk proteins from a highly concentrated soluble state to the insoluble fi-
ber. The conserved C-terminal domain of MaSp1, the dragline silk main pro-
tein, appears to play a key role in the control of solubility and fiber
formation initiated by changes in ionic composition, mechanical stimuli or
pH variations along the secretory gland ducts. Therefore, the study of its struc-
ture is necessary to understand this remarkable molecular behaviour. We have
established a purification protocol to prevent the aggregation of the recombi-
nant Nephila clavipes MaSp1 C-terminal domain. We have also investigated
the structure of the protein using solution nuclear magnetic resonance
(NMR), dynamic light scattering (DLS) and fluorescence spectroscopy. NMR
diffusion and DLS experiments provide information about the oligomerization
and aggregation of the protein. Further NMR experiments with the doubly
13C/15N labelled protein will lead to the complete determination of the protein
structure.
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Melanins are ubiquitous natural pigments that are associated with biological
roles in protection against sunlight, camouflage, free radical scavenging, and
microbial virulence. However, elucidating structural characteristics of these
enigmatic pigments remains a challenging task because of their insolubility
and heterogeneous properties. High-resolution solid-state NMR spectroscopy
provides a unique tool to unravel the mysteries of melanin structure, and mela-
nogenesis in Cryptococcus neoformans (CN) requiring exogenous obligatory
catecholamine precursors such as L-dopa offers unprecedented opportunitiesto probe melanin biosynthesis and assembly in fungal cells. 1D solid-state
13C NMR has been used to assess the structural differences among CN mela-
nins produced by systematic variation of catecholamine precursors and in
cell-free media. The precursor preferences of CN melanogenesis have been
demonstrated by competition studies in which the cells were provided with
equimolar mixtures of catecholamines, and a mechanistic scheme adapted
from the Mason-Raper pathway has been proposed to rationalize the possible
intermediates for biosynthesis of indole-based melanin polymers. 13C and
15N solid-state NMR, including 2D through-space and through-bond correla-
tion spectra, have been implemented to elucidate the ultimate molecular frame-
work of the pigments and melanization in CN with exogenously 13C-enriched
L-dopa and/or [U-13C6]-glucose supplied to the growth media. Findings in-
clude: (1) the main aromatic components are located spatially within 5-7 A˚
of the long-chain aliphatics; (2) glucose scrambles metabolically to appear in
oxygenated- and long-chain aliphatic structures; (3) some aromatic, oxygen-
ated- and long-chain aliphatic moieties are attached covalently to carboxyl
groups of the pigment; (4) the pigment is likely to be covalently bound to
the polysaccharides of fungal cell wall. The molecular architecture of natural
melanin revealed by the solid-state NMR study can guide the design of new
drugs against microbial virulence and novel therapeutics for melanoma tumors.
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Phosphorus (P) availability is limiting plant growth in many of the worlds bi-
omes. Recent predictions suggest that rock P exploitation peaks within 35 years
with severe impacts on future global food production1. In the soil much of min-
eral P is transformed to organic P species which are unavailable for plants.
There is a lack of knowledge about the molecular processes controlling the re-
activity of organic P species and their bioavailability. Our aim is to develop so-
lution and solid state 31P NMR techniques to identify P species in soils and
water; information ideal for correlating different organic P species to plant
and soil processes2. However, NMR studies on soil P are complicated by seri-
ous line broadening caused by paramagnetic ions. For liquid-state NMR, soil
organic P is commonly extracted by a NaOH-EDTA method, leading to co-
extraction of heavy metal. In order to avoid paramagnetic line broadening these
ions have to be physically removed. We find that sulfide precipitation removes
Fe and Mn ions without affecting the P-composition. It dramatically reduces
the line widths from over 100 Hz down to 2 Hz on soil extracts and allows
2D 1H, 31P NMR to be applied3. Using 2D 1H-31P NMR resolves the highly
crowded spectral region where abundant monoester P appears. By exploiting
2D 1H-31P correlations in the NMR spectra of soil extracts, we can identify
individual organic P species (including unknowns) by a combination of P
and H chemical shifts and coupling constants3,4. Studies using passive sampling
with ion exchange resin analyzedwith solid state 31PMASNMRhave the poten-
tial to analyse the reservoir of organic P-species in aquatic systems e.g. streams.
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Biological activities of integral membrane proteins depend on the nature of the
surrounding lipid bilayer [1]. The dynamic organization of lipid bilayer systems
spans a wide frequency range encompassing individual fast acyl motions, mo-
lecular rotations, lipid protrusions, and collective bilayer fluctuations [2]. Time
scales of these motional modes typically span a large range from sub-
picoseconds up to milliseconds, and can be investigated using solid-state
NMR spectroscopy. To correlate structural changes of lipid bilayers mediated
by osmotic stress [3] with biological function and molecular dynamics, we
measured 2H longitudinal (R1Z) and transverse (R2
CP) relaxation rates in the
liquid-crystalline phase of DMPC-d54 membrane bilayers at various hydration
levels. The R1Z experiments used a conventional inversion-recovery pulse se-
quence, while R2
CP rates were measured from quadrupolar-echo intensities us-
ing a Carr-Purcell-Meiboom-Gill pulse train. By Fourier transforming
individual echoes with different pulse spacings we map the frequency depen-
dence of relaxation rates and motional modes of individual acyl segments.
390a Monday, February 27, 2012Empirical correlations of acyl chain segmental order parameters (SCD) and
R1Zprofiles followed a theoretical square-law functional dependence [4]. Our
preliminary results show that R2
CP is sensitive to hydration levels as well as
the acyl position, thus indicating the presence of slow dynamic modes. The
R2
CPrates of the acyl segments near the polar head groups increase with lipid
dehydration, while the acyl segments deeper in the hydrophobic region show
lower R2
CP values at high dehydration levels. Similar studies in presence of
peptides and proteins can give insight into optimized lipid hydration for protein
functionality and slow cooperative motions.
[1] M.F. Brown (1994) Chem. Phys. Lipids 73, 159–180.
[2] A. Leftin et al. (2011) Biochim. Biophys. Acta 1808, 818–839.
[3] K.J. Mallikarjunaiah et al. (2011) Biophys. J. 100, 98–107.
[4] M.F. Brown (1982) J. Chem. Phys. 77, 1576–1599.
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Spectroscopy
Deborah Gater1, Olivier Saurel1, Wei Liu2, Vadim Cherezov2, Alain Milon1.
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The lipid cubic phase (LCP) formed by particular mixtures of monoolein and
water has received significant attention as a system for the crystallization of
membrane proteins for structural characterization by x-ray crystallography
(the so-called in meso method [Caffrey & Cherezov: Nature Protocols (2009)
4(5):706]). In several cases, the addition of specific lipids to the mesophase
was necessary to promote the stabilization and crystallization of a protein.
For example, the addition of cholesterol was instrumental for obtaining high-
resolution structures of the beta2 adrenergic receptor [Cherezov et al: Science
(2007) 318:1258], and of four other G protein-coupled receptors. Apart from
the success of LCPs for supporting crystal growth, the bulk isotropic symmetry,
rapid diffusion and localized bilayer-like environment make this system poten-
tially useful for NMR studies.We demonstrate that several NMR techniques tra-
ditionally associated with solution phase samples (e.g., heteronuclear single
quantum coherence, HSQC, and saturation transfer difference, STD) can be
adapted for use in LCPs comprising monoolein with cholesterol and/or a trans-
membrane protein. Our data indicate that a range of advanced NMR techniques
could be applied in LCPs, enabling studies of dynamics that will complement
the x-ray structural data already obtainable using this phase and significantly ex-
pand the variety of tools available for the study of integral membrane proteins.
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Yongae Kim, Sung-Sub Choi, Ji-Ho Chung, Yu-Geun Park.
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Lactophoricin (LPcin-I) is an antimicrobial, amphiphatic, cationic peptide with
23-amino acid residues isolated from bovine milk. Its analogous peptide,
LPcin-II, lacks six N-terminal amino acids compared to LPcin-I. Interestingly,
LPcin-II does not display any antimicrobial activity, whereas LPcin-I inhibits
the growth of both Gram-negative andGram-positive bacteriawithout exhibiting
any hemolytic activity. Uniformly 15N-labeled LPcin peptides were prepared by
the recombinant expression of fusion proteins inE. coli and their properties were
characterized by mass spectrometry (MS), Circular dichroism (CD) spectros-
copy, and antimicrobial activity tests. To understand the structure-activity rela-
tionship of these two peptides, they were studied in model membrane
environments by a combination of solution and solid-state NMR spectroscopy.
We determined the tertiary structure of LPcin-I and LPcin-II in the presence of
DPCmicelles by solutionNMRspectroscopy.Magnetically aligned unflipped bi-
celle samples were used to investigate the structure and topology of LPcin-I and
LPcin-II by solid-stateNMRspectroscopy.Wewill also discuss about theLPCin-
Analogs that have much more powerful antimicrobial activity and 800MHz
home-built solid-state NMR
probe for bilayers.
[1] Protein Expression and
Purification65 (2009), 23 [2]
Biophysical J 101 (2011)
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31P and 15N Solid-State NMR Study for the Development of a Novel Mem-
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Anna S. Kozlova1,2, Timothy A. Cross1,2, William W. Brey2,
Petr L. Gor’kov2.
1Florida State University, Tallahassee, FL, USA, 2National High Magnetic
Field Laboratory, Tallahassee, FL, USA.
The use of Nuclear Magnetic Resonance Spectroscopy in Drug Discovery has
been routine for several decades. Used independently or in concert with MassSpectrometry, Isothermal Titration Calorimetry and a variety of Fluorometric
assays it allows development of new drug candidates through the use of several
pathways. Monitoring ligand-target binding provides a route to screen potential
inhibitors for known drug targets. Unfortunately solution NMR encounters
a solubility challenge and has a limited applicability to membrane proteins,
which have a well-known involvement in key cellular functions and make up
60% of all identified drug targets. For this reason and many others, progress
in antimicrobial drug development is slow and the need for new compounds
at an all time high with increasing microbial resistance to existing therapeutics.
In order to overcome the solubility challenge and mimic the native bilayer en-
vironment of the cellular surface a new approach is being developed that per-
mits screening of small compounds against membrane protein drug targets
while the protein is in a native-like bilayer. To trap the protein solubilized bi-
layer we use anodic aluminum oxide (AAO) filters such that solutions contain-
ing small molecules can be flowed over the membranes in the AAO pores
without dislodging the protein and bilayers. To test this concept we aligned
the M2 proton channel from Influenza A virus, a known drug target, in
DMPC lipid bilayers within the AAO filters. Selectively 15N site-labeled M2
(residues 22–46) was exposed to various inhibitor compound cocktails while
monitoring the very sensitive anisotropic chemical shifts for binding. A flow
through cell design is now being developed to semi-automate this screening
process.
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brane Proteins Reconstituted in Magnetically Aligned Bicelles
Wenxing Tang, Yuanyuan Yin, Alexander Nevzorov.
North Carolina State University, Raleigh, NC, USA.
Magnetically aligned bicelles represent a nearly ideal mimetic for the structural
studies of membrane proteins in their native lipid environment. Structures of
several proteins reconstituted in bicelles have been obtained by solid-state
NMR, including MerF, VPU, and Pf1.
However, the assignment of NMR spectra of membrane proteins is usually per-
formed by a laborious preparation of multiple selectively labeled samples, and
a helical wheel-like arrangement of peaks is assumed. Here we have used
a novel spectroscopic technique [1,2] to obtain spin correlations between the
resonances and assigned the spectrum of uniformly 15N labeled Pf1 protein re-
constituted in aligned bicelles. The peaks generally follow the (i, iþ1) connec-
tivity pattern, and yield the assignment identical to the previously established,
albeit without using multiple labeled samples [3]. The method is generally ap-
plicable to membrane proteins of arbitrary topology. Long-range correlations
(up to 6.7 A˚) can be observed that have a potential for establishing spectro-
scopic contacts between the neighboring transmembrane helices.
Furthermore, we have developed an algorithm [4] that calculates three-
dimensional structures of membrane proteins solely based on the dipolar cou-
plings between the covalently bound spins. Structures of protein G and a helical
hairpin of bacteriorhodopsin have been calculated from simulated solid-state
NMR spectra as illustrative examples. Effect of experimental uncertainty has
been assessed. Application of the algorithm to fully assigned three-
dimensional NMR data of doubly (15N, 13C) labeled membrane proteins
may allow one to obtain the entire backbone structure from a single spectrum.
[1] A.A. Nevzorov, J. Am. Chem. Soc. 130 (2008) 11282-11283.
[2] R.W. Knox, J. Lu, S.J. Opella, A.A. Nevzorov, J. Am. Chem. Soc. 132
(2010) 8255-8257.
[3] S.J. Opella, A.C. Zeri, S.H. Park, Annu. Rev. Phys. Chem. 59 (2008)
635-57.
[4] Y.Y. Yin, A.A. Nevzorov, J. Magn. Reson. 212 (2011) 64-73.
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A general method for determining the structures of membrane proteins in phos-
pholipid bilayers under physiological conditions is described. Membrane pro-
teins are high priority targets for structure determination, and are challenging
for the existing experimental methods. Because membrane proteins reside in
a liquid crystalline phospholipid bilayer membranes it is important to study
them in this type of environment. The approach we have developed can be sum-
marized in five steps, and incorporates methods of molecular biology, biochem-
istry, sample preparation, construction and modification of NMR
instrumentation, the development and execution of NMR experiments, and
structure calculations. It relies on solid-state NMR spectroscopy to obtain
high-resolution spectra and residue-specific structural restraints for membrane
